Abstract. To assist in the exploration of geothermal energy, Using remote sensing technology in eastern Liaoning Tang Chi geothermal mineral alteration information extraction, based on Tang Chi region of Hyperion satellite hyperspectral remote sensing image data, combined with hot spring Tang Chi region ground spectral information of the measured mineral samples alteration minerals, verification Tang Chi region alteration mineral spatial distribution and the relationship between the geothermal energy. The results show that most of the mineral alteration information extracted is the exploration of geothermal energy services.
Introduction
Geothermal energy is a new clean energy, In today's people's growing awareness of environmental protection and energy is becoming increasingly scarce circumstances, the rational development and utilization of geothermal resources has been more and more popular among people of all ages [1] . In order to find geothermal energy, a reasonable and efficient technical means is particularly important. Remote sensing technology has the characteristics of real, objective and macroscopic reflection of the spatial information of geological body, which can better reflect the geothermal geological body related information. The existence of geothermal anomaly is bound to cause terrain, soil, vegetation, water and other anomalies, analysis of remote sensing images in the surface landscape and environmental variation, this can provide a clue for the exploration of geothermal source . In this paper, we use the remote sensing technology [2] as a main means, comprehensive extraction of surface temperature [3] anomalies, geological tectonics and rock alteration [4] and other remote sensing information, to explore the eastern Liaoning Tangchi area geothermal anomaly area for rapid and effective identification The technical method.
Geological Profile of the Study Area
The study area is located in the eastern part of Liaoning Province, administrative division Dandong City jurisdiction. Geographic coordinates: longitude 123 ° 00 '~ 125 ° 00', latitude 39 ° 40 '~ 41 ° 30'. The study area is located in the East Asian monsoon region, the temperature difference is larger, the annual average temperature is 6.5 ~ 8.4 ℃, the maximum temperature is 37.3 ℃, the minimum temperature is -37.9 ℃. Which in January the average temperature of -8 ~ -11 ℃, the lowest -33.7 ℃; July average temperature of about 25 ℃, the highest 36.5 ℃. The study area is relatively dry and hot, sunny enough, moderate rainfall, the annual frost-free period of 140 to 167 days, belonging to the temperate monsoon climate. Exposed formations are Archean Case Rocks, Paleoproterozoic Liaohe Group, Mesoproterozoic elm Lizi Formation, Neoproterozoic Qingbaikouji, Nanhuaji, Paleozoic Cambrian, Ordovician, Permian, Mesozoic Jurassic , The Cretaceous, the Cenozoic Quaternary [5] . Paleoproterozoic Liaohe group is the most widely distributed, the most complete development.
Hyperspectral Remote Sensing and Hyperspectral Remote Sensing
The rise of hyperspectral remote sensing technology is one of the main achievements of remote sensing technology development in the 1980s. As the frontier technology of remote sensing, hyperspectral remote sensing has a great advantage in spectral resolution. With the maturation of hyperspectral remote sensing technology, its application is also increasingly widespread.
Hyperspectral Remote Sensing Technology. The so-called hyperspectral remote sensing, that is, high spectral resolution remote sensing, refers to the use of many very narrow electromagnetic wave band from the object of interest to obtain the relevant data.
Hyperspectral remote sensing data range, the amount of data is large, for the rapid and accurate extraction of resources from these data and environmental information, identify different substances, reveal the nature of the target, you need to be based on the actual application of data processing requirements of massive data processing and analysis.
In recent years, with the continuous improvement of hyperspectral remote sensing theory and the increasingly mature of airborne and spaceborne hyperspectral sensors, hyperspectral remote sensing technology has been widely used in resource exploration, environmental assessment and military research.
Hyperspectral Geological Remote Sensing Technology. Hyperspectral geological remote sensing is the use of hyperspectral data to identify a variety of mineral components, their abundance and mapping (mineral into a spatial distribution). The main research contents include the qualitative and quantitative information of various geological minerals extracted from many spectral parameters.
Mineral spectral studies show that there are a series of diagnostic spectral characteristics between 0.4 ~ 2.5µm rock minerals, the bandwidth of these features is between 10 ~ 20µm, and different rock minerals and mineralization alteration have different spectral characteristics.
In recent years, domestic and foreign experts through practical experiments and verification, hyperspectral remote sensing technology in the field of mineral identification and mineral mapping successful application. In particular, the identification of alteration minerals closely related to mineralization can be used to effectively delineate the hydrothermal alteration zone, quantitatively or semi-quantitatively to estimate the relative alteration intensity and alteration of mineral content for mineral resource exploration, energy Resource exploration provides a reliable theoretical basis.
Therefore, the use of hyperspectral remote sensing technology for mineral resources and energy resources survey is one of the scientific and effective way effective.
Research Ideas and Hyperspectral Image Processing Methods
The Working Ideas of Extracting Alteration Information in Geothermal Region. There are many ways of geothermal sources, but in the low-temperature geothermal field [6] (geothermal heat and geothermal gradient are low areas), the "low" hot zone developed a lot of geothermal resources, this heat source has not Get reliable certification. In the study of the development of geothermal resources in eastern Liaoning, we found that although the geothermal current value of the area is lower than the crustal mean value, the geothermal gradient is only 2.0 ℃ / 100m, the whole belongs to the "low" temperature zone, but its geothermal resources are very developed, The maximum effluent temperature of the geothermal wells can reach above 70 ℃. In order to better explain the phenomenon of "low" temperature zone and "high" heat source, this paper starts from the geological background of the eastern part of Liaoning Province, through the study of the collection and analysis of the rock samples of the Tangchi hot spring in the eastern geothermal area of Liaoning combined with hyperspectral image extraction Rock alteration information, so as to deduce and verify the geothermal zone rock alteration information in the alteration of the spatial distribution of minerals and the formation of geothermal energy between the relationship.
Software Application and Main Working Methods. First, the remote sensing alteration information of Hyperion hyperspectral remote sensing image of geothermal zone hot spring point is identified and extracted by Envi software [7] , and the distribution of alteration information of corresponding rock mass is obtained. Secondly, the alteration information of the rock mass is combined with the field field collection of hot spring point rock samples of the comprehensive rock and mineral identification [8] results, including the characteristics of rock microscopy [9] . Finally, the alteration of the alteration mineral information in the rock spectrum [10] coincides with the spatial distribution of the altered minerals in the rock mass of the geothermal zone.
Data Processing Process and Analysis
Hyperion Spectral Image Processing Flow. Some of the minimum noise separation (MNF)(MNF) [11] transformation is to determine the actual dimension of the hyperspectral data, thereby identifying and separating the noise in the data and reducing the high spectral data processing by decomposing the useful information into smaller MNF images The amount of calculation.
Pixel Purity Index(PPI) [12] is to multiply all the pixel spectral vectors in a Hyperion image onto the unit vector of the different random directions of the so-called "axis", and through statistical methods, all the vectors in the vector direction end point or the approximate vector direction end point of the pixels are counted as pure pixels.
After the MNF transformation and PPI pure end extraction, the characteristic spectral curves were drawn by N-dimensional visualization [13] and compared with the pure mineral spectrum in the standard characteristic spectra library provided by the USGS. Hyperspectral alteration information extraction process Data Processing and Analysis Of Surface Spectrum. The alteration of the surrounding rock is widely used as a very important sign in the prospecting work. The alteration of the surrounding rock in the geothermal area is very important to find the geothermal energy. As the vast majority of metal deposits in the process of mineralization often accompanied by varying degrees of wall rock alteration, while alteration rock contains some alteration minerals, so alteration rock and non-alteration rock structure and composition is also large the same, Therefore, it is possible to extract the mineralized alteration information by using the characteristics of the altered mineral in the spectral band, and to compare the spectral characteristics of the alteration mineralization information Output the result of the geothermal zone hot spring point, which reflects the geothermal zone alteration and formation of geothermal energy The relationship between the alteration of the surrounding rock.
In the remote sensing image, plagioclase sericite absorption band in the 1.4 ~ 1.5µm and greater than 2.1 ~ 2.2µm. Therefore, it can be used to describe the plagioclase sericite absorption band with 1.5µm and 2.1 ~ 2.2µm as the characteristic band is easier to identify. As shown below( Figure 1,  Figure 2 ). In the remote sensing image, the absorption band of kaolinite is 1.4-1.5µm and 2.1 ~ 2.2µm is more than 2.2µm. Therefore, it can be said that the absorption band of kaolinite 1.4 ~ 1.5µm and 2.1 ~ 2.2µm as the characteristic band is easier to identify. As shown below (Figure 3, Figure 4 ). Combined with rock samples and their altered mineral spectrum analysis [14] extraction of mineral alteration information in geothermal areas such as sericite,kaolinization and so on. The results are compared with those of the USGS standard spectral library [15] , and the results are in good agreement with each other.
Discussion
Based on the analysis of rock ore and spectral analysis of the samples collected from the ground, the spectral curves of the altered mineral information and the alteration minerals can be obtained. Compared with the spectral curve of the altered minerals in the USGS waveband, the results are more consistent. By the comparative analysis with the actual situation on the ground, the alteration minerals and the geothermal resources have the close relation, or will be able through alteration rock distribution and alteration mineral spatial distribution to contrast and verify the distribution of geothermal resources, also will provide certain guidance function to search for geothermal resources.
Conclusions
In the geothermal zone alteration rock identification, the field verification of typical alteration rock point shows that: In addition to some of the surface minerals, covering and the situation is slightly different from the field, the recognition result is basically the same as that of the ground. However, the distribution of alteration information obtained by alteration of mineral spectrum in field rock samples is matched with the distribution of altered minerals in alimentary rock mass in hyperspectral remote sensing image of geothermal area.
This explains: The alteration minerals in the rock mass composition of the geothermal zone are consistent with the alteration lithology in the hyperspectral image analysis and have some regularity in the spatial distribution. Therefore, the alteration of the alteration information in the geothermal zone can be as an effective means of finding and identifying geothermal resources.
